In the course of various investigations of microorganisms in spray-dried whole-egg powder, it became apparent that further information concerning the nutrition and metabolism of the genus Salmonella was essential. A survey of the literature revealed that little attention has been given this genus in this respect. Such information would be of value in improving the present methods of isolation and enumeration of these organisms. Koser and Rettger (1919) in a study of the utilization of nitrogenous compounds found that the addition of 11 such substances to a synthetic salts and glycerol medium resulted in a barely visible growth response of Salmonella pullorum. An investigation of the utilization of citric acid and sodium citrate by Salmonella pullorum in Koser's synthetic medium and in the agar medium of Simmons was reported by Welden and Miller (1932) . Of 84 strains of Salmonella pullorum tested, 13 grew, 10 did not grow, and the remainder were variable in Koser's medium, whereas in Simmons' medium 21 were positive, 20 negative, and 43 were variable. In the liquid medium it was difficult to determine in many instances whether or not growth occurred because of the very light turbidities.
Hajna (1935) found that two strains of Salmonella anatum could decompose the salts of succinic, fumaric, lactic, and citric acids when they were the sole source of carbon in Koser's synthetic medium. None of the salts supported growth of three strains of Salmonella pullorum tested.
Employing an amino acids, salts, and glucose medium for an antigenic study Beard and Snow (1936) were able to grow a strain of S. pullorum. In an investigation of the nutritive requirements of S. pullorum, Johnson and Rettger (1943) found that vitamin B1 (thiamine hydrochloride) was essential for the growth of this organism in a synthetic medium containing a mixture of 16 amino acids, salts, and glucose, with added thioglycolic acid.
The most recent study of the nutrition of Salmonella was reported by Lederberg (1947) , who observed that the majority of the Salmonella strains would grow in a synthetic glucose, salts, and asparagine medium. Some strains required one or more amino acids with or without vitamin supplements. Two strains of S. anatum and four strains of Salmonella oranienburg were found to be of the nonexacting group. The preliminary study reported here is concerned primarily with the energy sources for growth of one strain each of S. anatum, S. oranienburg, and S. pullorum, which were isolated from spray-dried whole-egg powder.
METHODS
Media. The basal medium consisted of NaNH4HPO4c4H2O, KH2PO4, and MgSO4 7H20, in 15-, 10-, and 2-mg per cent amounts, respectively, in distilled water. Fifty mg of each of the following compounds was added individually to 100 ml of the basal medium: DL-leucine, DL-phenylalanine, DL-alpha-alanine, betaalanine, DL-tryptophan, L-cystine (11 mg), L-tyrosine, sodium acetate, sodium citrate, asparagine, adenine sulfate, thymine, glycerol, creatine, sodium glycerophosphate, urea, glycolic acid, levo-malic acid, succinic acid, and lactic acid. Two and one-half ml of the final prepared media (pH 6.8 to 7.0) were placed in cotton-plugged Kahn tubes and autoclaved for 15 minutes at 15 pounds pressure. The media containing the latter four compounds were adjusted to pH 6.8 with 1 N NaOH and filter-sterilized. The sodium glycerophosphate and urea media were also filter-sterilized.
Inocula. Twenty-four-hour tryptose broth cultures of the organisms incubated at 37 C were centrifuged at 3,000 rpm for 15 minutes. The centrifugates were washed 3 times with 10 ml of sterile saline (0.85 per cent) and resuspended in 5 to 10 ml of saline. One drop (1/20 ml) of each of these final suspensions was used as an inoculum. The transmittance of the saline suspensions, as recorded by the Coleman spectrophotometer, no. 11, at 500 mIA, ranged from 50 to 75 per cent.
Experimental procedure. Duplicate tubes of each of the various media were inoculated, and the degree of growth was recorded after 24, 48, 72, 140, and 168 hours' incubation at 37 C. In four separate experimental trials, S. anatum and S. pullorum and, in three of these trials, S. oranienburg were incubated for 168 hours each. After 168 hours of growth, two of the experimental trials of the three organism were carried through 8 subcultures, which were incubated for an average of 3 days each. The turbidities of a ninth subculture of S. oranienburg were followed on the Coleman spectrophotometer for 216 hours and of S. anatum for 384 hours. Growth of the organisms, after the 168-hour experimental period and after each subculture, was checked by transfers to Kligler iron agar (KIA). A negative growth result observed during any of the trials was further checked by transfer to tryptose broth. The basal medium was inoculated in the same way with each organism and carried along as the control. The seed cultures and the growth of all KIA slants were checked against "O" antisera, "CQ," "D,"
and "E."
To study the effect of increased washing of the cell suspensions, 10 ml of each medium supporting growth of S. anatum and S. oranienburg were inoculated in duplicate with the test strains, incubated, and checked for purity. The cells were centrifuged at 3,000 rpm for 15 minutes; the centrifugates were washed 10 times with sterile saline and resuspended in 10 ml of saline in 6-inch screw-cap test tubes each individually calibrated. Growth (turbidity) was followed on the Coleman spectrophotometer, at 500 mJl, and the percentage of transmittance was recorded after 24, 96, 120, 144, and 168 hours, and at the end of each 3-day incubation period of the subcultures. A growth response was considered variable when growth was not consistent during both the 168-hour experimental periods and all the subcultures. Glycerolt 100 100 93 89 88 100 100 100 100 100 100 100 100 Sodium acetate: 97 97 97 97 97 100 100 100 100 100 100 100 100 Lactic acid 100 100 100 100 100 100 100 100 100 100 100 100 100 Succinic acid$ 100 100 100 98 95 100 100 100 100 100 100 100 100 None 100 100 100 100 100 100 = 100 per cent transmittance on Coleman spectrophotometer at 500 mu. Inocula readings ranged 50 acetate medium was noted after continued incubation for the same length of time.
Leucine, cystine, phenylalanine, and tyrosine media, inoculated with S. anatum during experimental runs, and all subcultures showed no appreciable turbidities, but growth of organisms resulted upon subculture of KIA and tryptose broth. Figure 1 shows the curves of growth response of one of the experimental trials to each of these supplements in the ninth subculture. It is interesting to note that approximately 168 hours was the demarcation time for the beginning of in-creased turbidity in the phenylalanine medium and a leveling off in the asparagine and alpha-alanine media.
S. oranienburg, during the experimental and subculture periods, also utilized alpha-alanine, asparagine, and sodium citrate. Figure 2 shows the growth responses to these supplements in the ninth subculture of one of the experimental trials. Media supplemented with glycerol, sodium acetate, and succinic acid produced variable growth responses and did not support growth through the entire 8 subcultures. No turbidity was observed in the lactic acid medium at any time. Continued incubation of the originally inoculated tubes of these media for 22 days after the 168-hour experimental period gave transmittance readings for the lactic acid medium of 80 and 74 per cent, and no change in the turbidity of the other media. No viability could be demonstrated in the glycerol tube or one of the sodium acetate tubes upon subculture to KIA and to tryptose broth.
After 3 saline washings, viable organisms survived for more than 22 to 50 days in the basal salt medium inoculated with S. anatum and S. oranienburg and up to 3 to 7 days with S. pullorum. After 10 washings S. anatum showed viability for only 12 days and S. oranienburg for 19 days. No measurable turbidity could be recorded for any of the controls.
DISCUSSION
In order for bacterial cells to proliferate in synthetic media, it has been postulated by Clifton and Logan (1939) that a carbohydrate material must be formed from the substrate. Metzger (1947) 
